1. Introduction
===============

Primary care evidence-based guidelines for non-specific back pain highlight the importance of identifying indicators of poor prognosis in order that treatment can be targeted appropriately ([@bib3; @bib33]). Investigators increasingly advocate that better identification of potentially modifiable prognostic indicators may lead to more effective early secondary prevention of back pain in primary care ([@bib1; @bib27; @bib19; @bib21]). Several back pain clinical tools exist to aid clinicians in identifying patients either 'at risk' of chronicity or to improve targeting of treatment ([@bib2; @bib14; @bib7; @bib32; @bib8; @bib28; @bib6]).

The STarT Back Tool (SBT) is a recently validated tool developed to identify subgroups of patients to guide the provision of early secondary prevention in primary care ([@bib15]). The conceptual purposes of the SBT ([@bib15]) were to identify patients with potentially treatment modifiable prognostic indicators using a brief, user-friendly tool and to validate cut-off scores for subgrouping patients into 1 of 3 a priori initial treatment options in primary care (low, medium and high risk groups). The development and validation of the STarT Back Tool (SBT) was recently reported ([@bib15]), but a head to head comparison with a 'reference standard' instrument was not evaluated. The Örebro Musculoskeletal Pain Screening Questionnaire (ÖMPSQ: [@bib25]) was considered the most appropriate 'reference standard' against which to compare the SBT, as it is one of the most widely used tools in clinical practice to similarly differentiate primary care back pain patients, and it has a common conceptual purpose with the SBT of identifying high risk patients requiring targeted treatment. As well as being a popular instrument, the ÖMPSQ has been externally validated in numerous international samples ([@bib13; @bib34; @bib17; @bib26; @bib29; @bib20; @bib10; @bib18; @bib11; @bib24; @bib1; @bib9]).

Clinicians wanting to follow evidence-based practice guidelines to assess prognostic indicators for chronicity ([@bib3]), require brief and practical tools to help them identify subgroups of patients that may require early, targeted secondary prevention pathways. The publication of the SBT ([@bib15]) provides clinicians with a choice, in addition to an existing 'reference standard' instrument, the ÖMPSQ. However, in order to decide which clinical tool to use in practice, clinicians need to know how these instruments compare, including the baseline clinical characteristics of the subgroups identified by each tool.

The overall aim of this study was to therefore provide a head to head comparison of the SBT's concurrent validity against a best available reference standard, the ÖMPSQ. Our objectives were to test the correlation between the SBT and ÖMPSQ scores and agreement of patients allocated to 'low', 'medium' and 'high' risk subgroups; and to compare the abilities of the SBT and ÖMPSQ scales to discriminate patients according to validated reference standard measures.

2. Methods
==========

2.1. Properties of the ÖMPSQ and SBT
------------------------------------

The ÖMPSQ consists of 24 self-report items (21 items are scored), selected following a literature review to identify strong independent risk factors for work absence. The authors defined 'poor prognosis' as accumulated sick leave of 30 days or more at six months follow up. The ÖMPSQ's 21 scored items use an 11-point response format, apart from item 1 (pain sites), which has five descriptive components that are double weighted. The instrument therefore provides a potential score ranging from two to 210 points. The reliability of the ÖMPSQ has been reported with a Kappa of 0.83 ([@bib25]) and external validity, with a number of different high risk cut-off scores, has been established in a variety of patient populations and settings ([@bib13; @bib34; @bib17; @bib26; @bib29; @bib20; @bib10; @bib18; @bib11; @bib24; @bib1; @bib9]). The predictive validity of the ÖMPSQ has also been investigated in a number of studies, as summarised by [@bib16]. Since the initial development of the ÖMPSQ, other authors have used it to classify patients into low, medium and high 'at risk' groups ([@bib29]).

The SBT has 9-items selected as predictive of 'poor prognosis' following a literature review and secondary analysis to identify strong independent predictors for persistent disabling back pain. The 9-items each use a dichotomised response format ('agree' or 'disagree'), apart from one bothersomeness item, which uses a Likert scale. Overall SBT scores range from 0-9 and are produced by summing all positive items; a psychosocial subscale score ranging from 0 to 5 is produced by summing bothersomeness, fear, catastrophising, anxiety, and depression items (items 1, 4, 7, 8, and 9). The predictive validity and external validity of the STarT Back Tool has been reported, as well as the SBT's reliability, with a Kappa of 0.79 ([@bib15]).

Prognostic constructs included in both tools as single screening items include disability, fear avoidance, anxiety, depression and also an item on the patient's perceived chance that 'current pain may become persistent' or that the back pain is 'never going to get any better'. Both instruments allocate 'at risk' patients based on the presence or absence of known indicators of poor prognosis. The SBT also discriminates patients using single items for bothersomeness, referred leg pain, and comorbid pain, while the ÖMPSQ discriminates on the basis of additional items for pain intensity, coping and work-related factors.

2.2. Data collection
--------------------

Potential differences between the ÖMPSQ and SBT were explored using data from a cross-sectional survey of consecutive adult patients (*n* = 131) who consulted their GP with low back pain. The methods of patient recruitment have already been published elsewhere ([@bib15]). In brief, 244 participants were invited to complete a questionnaire containing both the ÖMPSQ and the SBT from 8 general practices in North Staffordshire and Central Cheshire, UK using computerised Read Codes to identify recent back pain consulters. This study received ethical approval from the North Staffordshire Local Research Ethics Committee.

2.3. Analysis of data
---------------------

The SBT and ÖMPSQ were scored according to the methods specified by the instrument developers ([@bib15; @bib25]). Patients were classified into 'low', 'medium' and 'high' risk groups using derived cut-off scores for each instrument. For the SBT, cut-offs recommended in the original article were used ([@bib15]); for the ÖMPSQ, we replicated the high risk cut-off score determined within a UK primary care population by [@bib18] of ⩾112; and a cut-off of 90 to separate low, from medium risk group patients, as used by [@bib29]. To score the ÖMPSQ among patients who were not workers, (four work-related items are only relevant to those patients in work), the procedure used by [@bib20] was followed, where the mean score of the remaining 17 items was imputed, on the condition that at least 75% of all items were completed.

Correlations between the SBT and ÖMPSQ, and reference standard constructs included in both instruments: disability (Roland and Morris Disability Questionnaire, RMDQ: [@bib30]) fear avoidance (Tampa Scale of Kinesiaphobia, TSK: [@bib22]) and catastrophising (Pain Catastrophising Scale, PCS: [@bib31]) were calculated using Spearman's rank correlations. The magnitude of the reported correlation coefficient was evaluated with a correlation of 0.1--0.3 was small, \>0.3--0.5 was moderate, and greater than 0.5 was large ([@bib4]). In addition, box and whisker plot graphs were produced to visually present the correlation between the SBT and ÖMPSQ.[1](#fn1){ref-type="fn"}

Observed agreement of the two tool's allocation to 'low', 'medium' and 'high' risk subgroups was examined by calculating absolute agreement, and agreement beyond chance statistically evaluated using a weighted Cohen's kappa test. Kappa values were classified for reference as follows: less than 0.00 showed poor agreement, 0.00--0.20, slight agreement; 0.21--0.40, fair agreement; 0.41--0.60, moderate agreement; 0.61--0.80, substantial agreement; and greater than 0.80, near perfect agreement ([@bib23]). The McNemar Bowker test was used to determine whether disagreement observed was evenly balanced or significantly skewed towards the lower or higher group. The characteristics of patients selected for 'low', 'medium' and 'high' subgroups using the SBT and ÖMPSQ were compared using median scores for age, gender, episode duration, bothersomeness, pain intensity, days off work, fear (TSK), catastrophising (PCS), ÖMPSQ scores and SBT scores (mean values were used for age). The Mann Whitney test was used to test for statistical differences between continuous data and the Chi-squared test used for categorical data among the characteristics for discordant individuals (patients for whom group allocation differed).

Finally, the ability of the two instruments' total (and subscale) scores to discriminate patients was compared by plotting receiver operator characteristic (ROC) curves for various different reference standard 'cases' (using the 'case' definitions provided in [Table 3](#tbl3){ref-type="table"}) and calculating AUCs (95% CIs), with statistical differences tested using the Wilcoxon statistic ([@bib12]). Total scores were entered as the 'test' variables and reference standard 'cases' as the 'state' variable.

3. Results
==========

Complete data on the SBT and ÖMPSQ was available for 130/244 (53%) patients. The sample was 60% female, with a mean (±SD) age of 44 (±10.0) and disability score (RMDQ) of 8.6 (±6.6). Back pain episode durations were varied with 25% \< 1 month, 27% 1--6 months, and 48% \>6 months, and 43% reported being 'very' or 'extremely' bothered by their back pain. The median scores (range) for SBT and ÖMPSQ were 4.5 (0--9) and 98.8 (26.3--189.0), respectively.

The Spearman's rank correlation coefficients for the SBT total scores and psychosocial subscale scores with the ÖMPSQ scores were 0.802 and 0.769 respectively. The magnitude of the reported correlation coefficients was therefore, 'large' and was similar to the correlation between disability (RMDQ) and the subgroup tools (SBT = 0.813; ÖMPSQ = 0.830). Figures for fear (TSK) (SBT psychological subscale = 0.659; ÖMPSQ = 0.683) and catastrophising (PCS) (SBT = 0.671; ÖMPSQ = 0.656) were lower but also classified as 'large'. [Fig. 1](#fig1){ref-type="fig"} presents box plot graphs of the ÖMPSQ total score against the SBT (a) total score and (b) psychosocial subscale and demonstrate that increasing ÖMPSQ scores, correlated with higher SBT scores across the full range of both instrument scales.

The proportions of patients allocated to 'low', 'medium' and 'high' risk groups by the SBT and ÖMPSQ were 40% *cf 40%,* 35% *cf 22%,* and 25% *cf 38%*, respectively. The 'low' risk proportion was therefore the same, but the SBT allocated considerably fewer patients to the 'high' risk group, but significantly more patients to the 'medium' risk group than the ÖMPSQ (McNemar Bowker test *p* = 0.022).

Observed agreement between the two instruments for allocation to 'low', 'medium' and 'high' risk groups, is presented in [Table 1](#tbl1){ref-type="table"}, with absolute agreement in 62% of patients. Weighted Cohen's kappa for agreement in allocation to the three subgroups beyond chance was 'moderate', 0.57 (95% CI 0.47--0.68, *p* = 0.000). Agreement about allocation to the 'low' risk group alone ('low' versus 'medium' or 'high') was 'substantial' at 0.63 (95% CIs 0.50--0.77, *p* = 0.000).

The clinical characteristics of the subgroups ('low', 'medium' and 'high') derived using the SBT and ÖMPSQ are presented in [Table 2](#tbl2){ref-type="table"}. The characteristics of the 'low' risk groups were almost identical (e.g. both had an RMDQ median of 2 and a pain NRS of 1.7). The 'medium' risk groups differed only slightly with higher pain and disability scores among those allocated by the SBT and the 'high' risk groups were also very similar although the ÖMPSQ 'high' risk group had slightly more females and had longer episode durations. However, these differences between the clinical characteristics in the 'medium' and 'high' risk groups produced by both tools were not statistically significant (*p* \> 0.05).

The ability of the two instruments' total scores (and SBT subscale scores) to discriminate patients defined as 'cases' on reference standards is given in [Fig. 2](#fig2){ref-type="fig"} and [Table 3](#tbl3){ref-type="table"}. There were no significant differences in the discriminative abilities of the SBT and ÖMPSQ scales for 'cases' of disability, catastrophising, fear, comorbid pain, time off work or episode duration reference standards. The SBT was significantly better for discriminating bothersome and referred leg pain 'cases' while the ÖMPSQ scores was better at discriminating 'cases' of pain intensity.

4. Discussion
=============

This study has provided a comparative analysis of the measurement properties of the SBT and the ÖMPSQ for patients with low back pain, consulting in primary care. The ÖMPSQ (21 items) has been available for nearly a decade and is a popular clinical tool with numerous external validation studies in comparison to the STarT Back Tool (9-items), which has been more recently validated and has potential advantages in terms of its length and scoring simplicity. Both share broadly similar purposes, although subtle conceptual differences have become apparent through conducting this investigation, which should be highlighted for clinicians seeking to choose which tool is most appropriate for their context. Firstly, the ÖMPSQ was conceived as a prognostic screening tool, although in practice it has adopted a subgrouping function with established cut-offs across a variety of settings to allocate patients to low and high risk groups. In contrast, the SBT was primarily conceived as a subgrouping tool, with cut-offs based on baseline factors and not on future outcome, and for specifically defined low, medium and high risk treatment subgroups.

4.1. Differences in subgroup allocation
---------------------------------------

This study found that the completion rate for both instruments was high (*n* = 130/131 for both) and that their three subgroups' clinical characteristics were broadly similar. Agreement over the two instrument's allocation to a 'low' risk subgroup was 'substantial', suggesting that both tools have a similar ability to differentiate patients based on their baseline characteristics. Although the characteristics of patients in the three subgroups allocated by each tool were not significantly different, significant differences were observed in the proportions of patients allocated to the 'high' and 'medium' risk groups, with a smaller proportion of patients allocated to the high risk group by the SBT than the ÖMPSQ. One factor in the choice of instrument used by clinicians may therefore be the availability of services for the management of a high risk group of patients.

An analysis of both instrument scales' abilities to discriminate a number of relevant reference standards was investigated to determine whether similarities in the subgroup clinical characteristics were due to tool cut-off points used, or due to similar discriminative abilities of the instrument scales. The results demonstrated that the two instrument scales similarly discriminated the majority of clinical characteristics including disability, catastrophising, fear, comorbid pain, time off work or episode duration. The ÖMPSQ total scale was significantly better at discriminating patients' baseline pain intensity, while the SBT was better for discriminating baseline bothersomeness of back pain and referred leg pain.

4.2. Limitations
----------------

One substantial limitation of this study is that only cross-sectional data was available for directly comparing the performance of both instruments, preventing a comparison of the instrument's predictive validity. However, guidelines for the management of non-specific back pain highlight the importance of identifying indicators of poor prognosis, rather than predicting individual patient's outcomes, in order that treatment can be targeted appropriately ([@bib3; @bib33]). Traditionally, validation of the utility of such instrument scales has predominantly focused on establishing an instrument's predictive validity, although the SBT subgroup cut-offs were specifically validated to optimally differentiate patients with specific baseline clinical characteristics. To date, there have been no studies that have compared the predictive abilities of both instruments within a single sample, but published data on the predictive validity of the ÖMPSQ ([@bib16]) reports AUCs for persisting disability from 0.68 to 0.83, which compares similarly to reported AUCs of 0.80 for the SBT (Hill PhD Thesis, 2008). A further limitation is the potential for non-response bias influencing generalizability as only 53% of the sample responded, which may have inflated the proportion classified by the two instruments to the medium and high risk subgroups, as people with longer term or more severe problems are more likely to respond to the questionnaire. However, non-response bias is likely to have equally affected both instruments and is unlikely to have influenced the tool comparisons made in this study.

5. Conclusion
=============

This study has compared measurement properties of the SBT to those of the ÖMPSQ, and found them to be similar in respect to the subgroup patient characteristics and abilities of the scales to differentiate according to validated reference standard measures. The SBT is quicker for patients to complete and easier for clinicians to score, although is able to identify a high risk subgroup with similar clinical characteristics to the ÖMPSQ. Apart from the differences in instrument length, the results of this study suggest that the main difference between the two instruments was the proportion of patients each tool allocated to the high risk group, with the SBT identifying 25% as high risk, and the ÖMPSQ 38% as high risk. This might be of relevance to clinicians working within services that have resource limitations for treating high risk patients. Recommendations for future research include; a direct comparison of the predictive validity of both instruments, and also an investigation of possible instrument item redundancy. Clinicians need to be aware of the relative strengths and weakness of the two clinical tools before selecting which tool is most appropriate to help decision making in their specific clinical context and setting. This head to head comparison has demonstrated that the SBT's discriminative abilities appear to be at least equivalent, and preferable in some criteria, to the ÖMPSQ, which is the most widely used current tool in clinical practice.
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In box and whisker plots the central line is the median, the box provides the lower and upper quartiles, the whiskers are the 2.5% and 97.5% values, and extreme values are noted with a '\*' (Chambers et al., 1983).

![Box plot graph of the ÖMPSQ total scores against (a) the SBT total score and (b) the SBT psychosocial subscale.](gr1){#fig1}

![Receiver operating characteristic (ROC) curves of ÖMPSQ and SBT scores against reference standards for (a) disability and pain, (b) catastrophising and fear, (c) referred leg pain and bothersomeness, and (d) time off work and episode duration.](gr2){#fig2}

###### 

Observed agreement of SBT and ÖMPSQ subgroups (*n* = 130).

  ÖMPSQ subgroup   SBT subgroup (*n* = 130)        
  ---------------- -------------------------- ---- ----
  Low              41                         11   0
  Medium           10                         13   6
  High             2                          20   27

###### 

Medians \[inter-quartile ranges\] of clinical characteristics by low, medium and high subgroups derived using SBT and ÖMPSQ cut-offs.

  Reference standard clinical characteristics           Subgroup (*n* = 130)                                                                               
  ----------------------------------------------------- ---------------------- ------------------ ------------------ ------------------ ------------------ ------------------
  Age, median \[IQR\]                                   43 \[33--52\]          44 \[34--56\]      45 \[39--52\]      48 \[39--56\]      49\[39--54\]       50 \[37--54\]
  Female, number (%)                                    60                     58                 57                 52                 54                 63
  Episode duration category, median \[IQR\]             2 \[1--4\]             2 \[1--4\]         3 \[2--5\]         3 \[2--4\]         4 \[4--5\]         5 \[3--5\]
  Bothersomeness, median \[IQR\]                        2 \[2--3\]             2 2--3\]           4 \[3--4\]         4 \[3--4\]         4 \[4--5\]         4 \[3--5\]
  Pain intensity (NRS), median \[IQR\]                  1.7 \[0.7--3.3\]       1.7 \[0.7--3.0\]   4.3 \[3.0--5.7\]   3.3 \[3.0--5.3\]   6.7 \[4.8--8.2\]   6.3 \[4.9--7.7\]
  Time off work in past 6/12 category, median \[IQR\]   2 \[1--2\]             2 \[1--2\]         3 \[1--4\]         2 \[1--4\]         4 \[2--4\]         4 \[3--4\]
  Fear (TSK), median \[IQR\]                            38 \[34--42\]          37 \[33--39\]      41 \[37--44\]      41 \[40--44\]      47 \[43--52\]      45 \[42--51\]
  Catastrophising (PCS), median \[IQR\]                 9 \[5--17\]            9 \[5--13\]        19 \[11--23\]      22 \[14--27\]      31 \[21--38\]      28 \[20--38\]
  Disability (RMDQ), median \[IQR\]                     2 \[0--5\]             2 \[0--5\]         11 \[6--13\]       7 \[5--13\]        16 \[13--19\]      14 \[11--17\]
  ÖMPSQ total, median \[IQR\]                           69 \[47--87\]          65 \[47--79\]      108 \[90--127\]    101 \[94--105\]    142 \[124--175\]   141 \[126--158\]
  SBT total, median \[IQR\]                             2 \[0--3\]             2 \[0--3\]         5 \[4--6\]         5 \[3--6\]         8 \[7--8\]         6 \[6--8\]
  SBT Psych subscale, median \[IQR\]                    0 \[0--1\]             0 \[0--1\]         2 \[2--3\]         2 \[2--3\]         4 \[4--5\]         4 \[3--4\]

TSK, Tampa Scale of Kinesiophobia; RMDQ, Roland-Morris Disability Questionnaire; NRS, Numerical Rating Scale; PCS, Pain Catastrophising Scale; ÖMPSQ, Örebro Musculoskeletal Pain Screening Questionnaire; SBT, STarT Back Tool.

Episode duration categories: 1 = \<1 month; 2 = 1--3-months; 3 = 4--6-months, 4 = 7 months to 3 years, 5 = \>3 years.

Bothersomeness categories: 1 = not at all; 2 = slightly; 3 = moderately; 4 = very much; 5 = extremely.

Time off work categories: 1 = no time off, 2 = \<1 week, 3 = 1--4 weeks, 4 = 1--3-months, 5 = \>3-months.

None of the above clinical characteristic differences between groups were statistically significant using the Mann Whitney test for continuous data and the Chi-squared test for categorical data among discordant individuals (patients for whom group allocation differed).

###### 

AUCs (95% CIs) of SBT (total and subscale scores) and ÖMPSQ scores for discriminating 'cases' on reference standards.

  Clinical characteristics defined using 'cases' on reference standards   AUCs (95% CIs)      *p* Value                               
  ----------------------------------------------------------------------- ------------------- ------------------- ------------------- ------------
  Bothered by back pain ⩾ 'very'                                          .924 (.880, .968)                       .848 (.784, .913)   **0.0045**
  Disability RMDQ ⩾ 7                                                     .937 (.896, .978)                       .934 (.892, .976)   0.9214
  Catastrophising PCS ⩾ 20                                                .787 (.708, .867)   .832 (.762, .901)   .847 (.780, .915)   0.5597
  Fear TSK ⩾ 41                                                           .787 (.708, .866)   .813 (.739, .887)   .856 (.790, .921)   0.1443
  Pain intensity NRS ⩾ 3.7                                                .825 (.754, .896)                       .891 (.836, .945)   **0.0131**
  Referred leg pain 'yes'                                                 .841 (.774, .908)                       .769 (.685, .852)   **0.0106**
  Comorbid pain ⩾ 3 sites                                                 .683 (.586, .780)                       .686 (.589, .782)   0.9457
  Time off work ⩾ 30 days                                                 .885 (.818, .952)                       .884 (.809, .960)   0.9857
  Episode duration ⩾ 3-months                                             .706 (.613, .799)                       .763 (.676, .850)   0.1062

RMDQ, Roland and Morris Disability Questionnaire; PCS, Pain Catastrophising Scale; TSK, Tampa Scale of Kinesiophobia; NRS, Numerical Response Scale; SBT, STarT Back Tool; ÖMPSQ, Örebro Musculoskeletal Pain Screening Questionnaire.

To test for statistical differences between AUCs, the [@bib5] algorithm for comparing AUCs was used.
